Abstract: Lectin activity was assessed in sixteen Aspergillius species using human A, B, O, AB, rabbit, goat, pig and sheep erythrocytes. Neuraminidase and protease treated blood group O erythrocytes were also used to evaluate lectin activity from all the cultures unable to agglutinate native red blood cells. Lectin activity was revealed from Aspergillus acristatus, A. gorakhpurensis, A. panamensis and A. carbonarius extracts, while undiluted extract of A. fischeri showed weak haemagglutination. Lectin activity was expressed after 5 days of growth by A. acristatus, A. gorakhpurensis, A. panamensis and A. carbonarius and after 8 days of cultivation a sharp decline in lectin activity was observed. Higher titres were observed from these species with enzymatically modified blood type O erythrocytes. A variety of carbohydrates were used to study their minimum inhibitory concentration capable of inhibiting haemagglutination. Porcine stomach mucin was found to be the most potent inhibitor of all the lectins. A. gorakhpurensis lectin showed high specificity for chondroitin-6-sulphate and N-acetyl-D-galactosamine. Significant specificity for L-fucose, D-arabinose and 2-deoxy-D-ribose was identified with A. panamensis lectin. Low concentrations of 0.625 mM of D-galactosamine HCl and 0.12 mg/mL of chondroitin-6-sulphate were found optimal to prevent haemagglutination of A. carbonarius extract. A. carbonarius lectin was partially purified 2.75-fold using ammonium sulphate precipitation, dialysis and ultrafiltration. It was found to be stable upto 40
Introduction
Lectins are ubiquitous proteins or glycoproteins of plant/animal or microbial origin possessing an ability to specifically bind carbohydrate moieties including cells (Pajic et al. 2002) . The wide distribution of lectins in viruses, protozoa, bacteria, algae, yeasts, fungi, animals and plants attribute their important physiological functions. Many biological functions of these lectins have been elucidated and they have been used in biological and biomedical applications (Shimokawa et al. 2012) . The carbohydrate binding properties of lectins are critically important not only to clarify their biological roles, but also to develop them as carbohydrate probes or medicines. Carbohydrate binding properties of lectins have been applied in the fields of immunology, cell biology, cancer research and genetic engineering (Han et al. 2012) . Recently, new technology such as lectin array is becoming more popular, therefore lectins with specific sugar-binding properties are required (Suzuki et al. 2012) .
Fungal lectins especially from either mushroom or filamentous fungi have been the focus of research for the past few years. Mushroom lectins are endowed with antiproliferative, antitumor, mitogenic, hypotensive, vasorelaxing, haemolytic, anti-HIV1 reverse transcriptase and immunepotentiating activities (Singh et al. 2010a) . They have also been studied for biochemical reagents with valuable carbohydrate binding specificity (Horibe et al. 2010) . Owing to unique carbohydratebinding specificities of mushroom lectins, isolation of new lectins has been carried out by various workers (Mikiashvili et al. 2006; Devitashvili et al. 2008; Rouf et al. 2011; Albores et al. 2013 ). There are many reports on lectins from micromycetes and pathogenic fungi but their physiological role still remains uncertain (Tronchin et al. 2002) . The roles of microfungal lectins include specific recognition molecules, effectors of fungal pathogenesis, role as storage proteins and involvement in growth and morphogenesis (Singh et al. 2011a) . The fungal lectins reported so far constitute a minority among carbohydrate interacting proteins and haemagglutinins (Khan & Khan 2011) .
Aspergilli are filamentous, cosmopolitan and ubiquitous fungi belonging to the class Eurotiomycetes. These are commonly isolated from soil, plant debris and 16 R.S. Singh et al. indoor air environment. Aspergillus sp. is well-known to play a role in opportunistic infections, allergic states and toxicoses in man. Immunosuppression is the major factor predisposing to develop opportunistic infections. This genus exhibits lectins possessing unique carbohydrate specificity and few lectins from this genus have particular value as specific probes for investigating the distribution, structure and biological function of carbohydrate chains on the cell surface of animals, plants and microorganisms (Matsumara et al. 2007) . A lectin (32 kDa) has been reported from Aspergillus fumigatus that showed specificity for sialic acid containing glycoconjugates (Tronchin et al. 2002) . Aspergillus terricola has been reported to possess a novel thermostable mycelial lectin having approximately similar molecular mass (Singh et al. 2010d) . A fucose-specific lectin has been reported from Aspergillus oryzae (Matsumara et al. 2007 ). The mitogenic ability, immunomodulatory and therapeutic potential have been reported from Aspergillus nidulans lectin (Singh et al. 2011b,c) . In earlier studies, our group has reported high incidence of lectins from aspergilli (Singh et al. 2008 (Singh et al. , 2010b and present investigations were carried out as an extension of our work to screen sixteen species of fungi for cataloguing them for lectin activity. Keeping in view the above properties of aspergilli and possible therapeutic potential of fungal lectins, characteristics of these haemagglutinins from Aspergillus species have also been studied. Amongst the species of Aspergillus in this investigation, Aspergillus carbonarius is a primary producer of ochratoxin and possesses teratogenic, immunosuppressive and carcinogenic properties (Cabanesa et al. 2002) . Therefore, lectin from A. carbonarius has been partially purified and characterized.
Material and methods

Fungal cultures, media and growth conditions
Sixteen fungal strains of Aspergillus were obtained from Microbial Type Culture Collection (MTCC), Institute of Microbial Technology, Chandigarh, India. Each culture was maintained on specific medium prescribed by MTCC and stored at 4 ± 1 • C for 5, 7 and 9 days. The cultures were also grown on solidified agar plates containing 3% agar and incubated at 30
• C for 7 days to investigate their lectin activity.
Preparation of lectin extracts
Fungal mycelia from submerged cultures were harvested from broth by filtration. Mycelial mat from agar plates was obtained by scrapping it from the surface of solidified agar. Mycelium from both cultures were washed thoroughly with distilled water and phosphate buffered saline (PBS, 0.1 M, pH 7.2), pressed dry and used as the source of lectin. Fungal extracts were prepared for determination of intracellular lectin activity as described earlier (Singh et al. 2008) . Mycelium free culture broth was centrifuged (3,000×g, 10 min, 4
• C) and also assayed for extracellular lectin activity.
Conidial lectin activity
Conidia were obtained by scrapping the mycelia of 7 day old cultures grown on agar plates. The mycelia was suspended in PBS (0.1 M, pH 7.2) in test tube containing glass beads and vortexed at room temperature for 10 min. The suspension containing conidia was decanted and centrifuged (1,500×g) for 5 min. The pellet was re-suspended in PBS and absorbance was adjusted to 0.6 (app. 10 8 conidia/mL) at 620 nm using spectrophotometer (Shimadzu UV-1700, Japan). Conidial suspensions in aliquots of 2 mL were subjected to sonication at an acoustic power of 200 W for 5 min with 30 s pulse on and off each using an ultrasonicator (VCX 130, Sonics & Materials Inc., USA) in an ice bath. Sonicated conidial suspension was centrifuged (8,000×g) at 4
• C for 10 min and supernatant obtained was analysed for lectin activity.
Fungal growth vs. lectin activity Lectin positive cultures were incubated over 5-12 days and lectin activity was tested at 24 h intervals. Erlenmyer flasks (250 mL) containing 100 mL medium were inoculated with 5 mm agar discs covered with mycelia to ensure uniformity of the inoculum and incubated at 30
• C under stationary condition in a BOD incubator. The same amount of biomass was taken for each of the cultures over the days to determine the lectin activity.
Erythrocyte preparation
Human and animal blood was collected in Alsever's solution containing (in g/L): sodium chloride 4.2, glucose 20.5, sodium citrate 8.0 and pH 6.1 in the ratio 1:2. Erythrocyte suspension (2%, v/v) was prepared in PBS as described earlier (Singh et al. 2008) . The prepared erythrocyte suspension was used to detect lectin activity.
Enzymatic modification of erythrocytes A 10% (v/v) suspension of blood type O erythrocytes in PBS was treated with neuraminidase (0.2 IU/mL; Sigma, USA), while 10% (v/v) suspensions of blood type O and pig erythrocytes were treated with protease (2 mg/mL; ICN, USA) as described previously (Singh et al. 2009a) . Lectin activity was detected using enzymatically modified erythrocytes.
Haemagglutination assay
Lectin activity was determined using human and animal erythrocytes as described previously (Singh et al. 2008) . Briefly, crude lectin sample (20 µL) was serially diluted with PBS and then 2% (v/v) suspension of enzyme treated and untreated erythrocytes was added in 96-well U-bottom microtitre plates (Tarsons Products Pvt. Ltd., India). The plates were incubated at room temperature for 30 min and stabilized at 4
• C for 1 h. Agglutination was monitored visually. The activity was expressed as a titre, which was a reciprocal of the highest two-fold dilution exhibiting positive agglutination.
Haemagglutination inhibition assay
To investigate the inhibition of lectin-induced agglutination, haemagglutination-inhibition tests were performed. Appropriately diluted lectin preparation was incubated with sugar stock solution in equal ratio at room temperature for 1 h. Double amount of 2% (v/v) erythrocyte suspension was added and incubated at room temperature for 30 min and then stabilized at 4
• C for 2-3 h. Button formation in the presence of carbohydrate indicated specific interaction between the two, while mat formation indicated non-specific carbohydrate. Minimum inhibitory concentration (MIC) of each of the specific sugars was determined by two-fold serial dilution of the sugar stock solution prepared in PBS (0.1 M, pH 7.2). MIC was defined as the minimum inhibitory concentration required for inhibition of lectin-mediated haemagglutination. Carbohydrates tested include D-ribose,
, thiodigalactoside, inulin, bovine submaxillary mucin, porcine stomach mucin, asialofetuin, pullulan, melibiose, starch, dextran and γ-globulin. Simple sugars were tested at a final concentration of 100 mM, while complex sugars and glycoproteins were tested at 1 mg/mL concentration.
Partial purification of A. carbonarius lectin Lectin was partially purified by ammonium sulphate precipitation, dialysis and ultrafiltration. To the crude mycelial extract (10 mL) ammonium sulphate (10-100%) was added in small fractions with continuous stirring on an ice bath. It was kept overnight at 4
• C. Precipitates were centrifuged (3,000×g, 10 min, 4
• C) and the pellet was dissolved in PBS (0.1 M, pH 7.2). The dissolved precipitates were dialysed extensively against PBS for 24 h using Snake Skin Dialysis tubing (10 kDa, Pierce Biotech, Rockford, USA). The dialysate was further concentrated by ultracentrifugation using an Amicon ultracentrifugal device (cutoff 10 kDa, Millipore USA). Lectin activity was determined at each step and also protein content was analysed by the method of Lowry et al. (1951) . Purification factor (purification fold) is defined as specific activity of lectin after a purification step/specific activity of lectin before that step. Recovery yield (%) is defined as the total amount of lectin after a purification step/total amount of lectin before that step. Specific activity (titre/mg) is the lectin activity of the sample/protein content of the sample (mg/mL).
Characterization of partially purified lectin from A. carbonarius Influence of pH and temperature on haemagglutination of lectin Optimum pH for lectin activity was determined by carrying out the haemagglutination assay at pH 4.5-9.0 using different buffers. pH stability of the lectin was estimated by incubating partially purified lectin (50 µL) with buffers (450 µL) at pH 1.5-12.5 in different aliquots at 4
• C. Lectin activity was assayed at 0 h, 2 h, 4 h and 24 h of incubation. Treated samples were neutralized prior to estimation of lectin activity. The buffers used were 0.1 M glycine-HCl buffer (pH 1.5-3.5), 0.1 M sodium acetate-acetic acid buffer (pH 4.0-5.0), 0.1 M phosphate buffer (pH 5.5-6.0), 0.1 M Tris-HCl buffer (pH 6.5-8.0) and 0.1 M glycine-NaOH buffer (pH 9.0-12.5). Each sample was compared to control (sample incubated in PBS) and expressed in terms of percentage relative activity in comparison to control.
Optimum temperature for lectin activity was determined by carrying out agglutination assays at different temperatures (4, 20, 25, 30, 35 and 40 • C). Thermal stability of lectin was assessed by incubating different aliquotes over a temperature range of 25-100
• C with increments of 5
• C in a water bath for 10 min. Treated samples were chilled in ice bath and assayed for lectin activity. Lectin activity was expressed in terms of percentage relative activity in relation to control (sample incubated at 4
• C).
Effect of denaturants
Partially purified lectin was incubated with an equal volume of urea (1-4 M), thiourea (1-4 M), and guanidine-HCl (1-4 M) in PBS at 4
• C for 24 h. Control samples were incubated with an equal volume of PBS at the same temperature. Agglutination assay was carried out at 0, 2, 4, and 24 h using human type O erythrocyte suspension (2%, v/v). Lectin activity at any concentration at a given time was expressed as percentage relative activity compared to control.
Results and discussion
Lectin activity in Aspergillus species
Sixteen species of Aspergillus were screened for lectin activity and only five species were found lectin positive (Table 1) . Amongst them Aspergillus fischeri exhibited lectin activity only in the undiluted extract of 7 day old mycelia from submerged culture. Human erythrocytes of blood type B, AB, O and rabbit erythrocytes were found susceptible to this lectin. None of the species showed extracellular lectin activity in the mycelium free broth. The cultures which did not exhibit lectin activity with native erythrocytes were also screened using enzymatically modified blood type O erythrocytes. Enzymatically modified erythrocytes were also not found susceptible to any of the extracts from these species. Intracellular fungal lectins have been previously reported from Penicillium griseofulvum, Penicillium thomii (Singh et al. 2009a ), Penicillium chrysogenum (Francis et al. 2011) , and Fusarium solani (Khan et al. 2007 ). In the previous study on screening of aspergilli for lectin activity, A. niger, A. versicolor, A. nidulans and A. ruglosus have shown the presence of intracellular mycelial lectin activities, while A. flavus, A. clavatus, A. aureus, A. awamori, A. foetidus and A. spinulosus did not exhibit any lectin activity (Singh et al. 2008) . Lectin activity has also been reported from the culture filtrate of Macrophomina phaseolina (Bhowal et al. 2005) . Lectins from Sclerotium rolfsii (Swamy et al. 1999) and Fusarium solani (Khan et al. 2007 ) have been reported to agglutinate only enzyme-treated erythrocytes.
Aspergillus lectins displayed a broad biological action spectrum. Agglutination of all the human blood types and also of rabbit, pig, sheep and goat erythrocytes was observed. Human erythrocytes were agglutinated relatively equally by the four lectins suggesting that they are non-specific in nature and fall in the category of panagglutinins. They might interact with saccharide units other than blood group determinants present on the surface of erythrocytes. Non-specific lectins have also been reported from Macrophomina phaseolina (Bhowal et al. 2005) and Anixiopsis stercoraria (Chabasse & Robert 1986) . Lectins from A. nidulans and A. niger have been reported to agglutinate all human, pig, rat and mice erythrocytes, while no agglutination was exhibited with sheep and goat red blood cells (Singh et al. 2008) . Lectin activity from A. fumigatus has been determined by using only rabbit red blood cells (Troncin et al. 2002) . Lectins from P. griseofulvum and P. thomii were reported to be blood group specific (Singh et al. 2009a) . A. acristatus lectin equally agglutinated all four human blood types, but showed lower titres with animal erythrocytes. Lectin from A. gorakhpurensis exhibited slight preference to blood group A erythrocytes over type B and O. Blood group A erythrocytes have N-acetyl-D-galactosamine (GalNAc) as the terminal saccharide unit. Inhibition of this lectin by N-acetyl-D-galactosamine further confirms this preferential interaction. Lectins with similar blood group specificity have also been reported from Rhizoctonia sp. (Mwafaida et al. 2004) and Phaeolapiota aurea (Kawagishi et al. 1996) . A. panamensis lectin had higher affinity for human blood type B and rabbit erythrocytes.
Lectin from A. carbonarius was inhibited by deoxy sugar L-fucose and was also found to show higher titre with blood type O as compared to blood type B erythrocytes.
Due to differential growth pattern of moulds on solidified and liquid media, mycelia from agar plates and flask cultures were harvested after 7 days of incubation. They were investigated for the occurrence of lectin activity using human blood type O erythrocytes. Mycelial extracts of A. acristatus, A. carbonarius and A. panamensis from solidified medium showed four times lower lectin activity (titre 8, 8, 16, respectively) than corresponding broth cultures (titre 32, 32, 64, respectively). Agar plate culture of A. panamensis exhibited only marginal lectin activity (titre 2) as compared to culture grown in liquid medium (titre 16). A. fischeri exhibited no lectin activity on agar plate culture. Lower lectin titres from agar plate cultures corroborate our earlier findings on lectins from Aspergillus sp. (Singh et al. 2008) and Penicillium sp. (Singh et al. 2009a) . Pleurotus cornucopiae has been reported to synthesize a mycelial lectin in a developmental stage specific manner. This lectin was found localized on the surface of the growing mycelia on solidified medium, whereas mycelia from the broth cultures did not show any lectin activity (Oguri et al. 1996) . Fungal cultures in broth did not produce as many spores as the mycelia grown on solidified medium, indicating that the lectin activity was not spore specific. This observation was further confirmed by analysing lectin activity from conidial extracts. None of the conidial extracts from lectin positive cultures shown lectin activity. This suggests that the lectin is localized only in the mycelia. Comparable lectin activity has been reported in the resting conidia and mycelia of A. fumigatus (Tronchin et al. 2002) . Lectin activity has also been reported from the conidia or ascospores of Anixiopsis stercoraria and Chrysosporium keratinophilum (Chabasse & Robert 1986 ).
Influence of enzymatic treatment of erythrocytes on lectin activity Protease treatment of human blood type O erythrocytes enhanced the agglutination titre of A. acristatus lectin. This indicates that there is a cryptantigen which is de novo exposed by removing the protein (glyco) coat from the erythrocyte surface. An increase in lectin activity of A. panamensis (titre 8) and A. gorakhpuren- sis (titre 16) was observed when protease-treated pig erythrocytes were used, while the lectin activity of A. acristatus and A. carbonarius remained unchanged. Porcine erythrocytes contain significant amounts of Nglycoylneuraminic acid and do not contain detectable amounts of O-acetylated sialyl residues. Protease treatment of pig erythrocytes might have reduced the steric hindrance on the blood cells and as a result the Nglycoylneuraminic containing sugar chains on the cells could be recognized by the lectin . Neuraminidase is a glycoside hydrolase enzyme that cleaves the glycosidic linkages of sialic acids. Removal of neuraminic acids exposes the penultimate galactosyl residues on the surface of RBCs. Lectins from A. gorakhpurensis, A. panamensis and A. carbonarius showed more than two-fold increase in haemagglutination titre when neuraminidase-treated blood group O erythrocytes were used for haemagglutination assay (Fig. 1) . However, the lectin activity of A. acristatus remained unchanged. Sugar inhibition profile of this lectin shows that sialylated glycoproteins (porcine stomach mucin and bovine submaxillary mucin) are strong inhibitors of this lectin. Human erythrocytes besides having Neu5Ac also contain di-, tri-and tetra-O-acetylated Neu5Ac as well as N-glycoylneuraminic acid (Neu5Gc) and may exhibit the same titre as of untreated erythrocytes (Bhowal et al. 2005) .
Carbohydrate specificity of Aspergillus lectins
The minimum inhibitory concentrations of carbohydrate specificity for Aspergillus lectins are summarized in Table 2 . Lectin from A. panamensis was strongly inhibited by L-fucose (0.0487 mM), while higher concentration of this deoxy sugar was inhibitory to A. acristatus (3.125 mM) and A. carbonarius (25 mM) lectins. Fucose specific lectins have been reported from other aspergilli (Singh et al. 2008 (Singh et al. , 2010b Matsumara et al. 2007 ), which suggests a high instance of fucose specificity amongst Aspergillus sp. lectins. Mannose specificity was exhibited by A. panamensis lectin. A mannose-specific lectin has been reported from P. chrysogenum. Mannose binding lectins are considered to be biologically important because mannose is distributed in microorganisms and animals including insects (Francis et al. 2011) . A. carbonarius and A. panamensis lectins showed affinity for D-arabinose, whereas lectin from A. acristatus was able to distinguish Dand L-isomers of arabinose. Moreover, D-arabinose was found a more potent inhibitor. Such lectins may be of value for investigating lectin-carbohydrate interactions and factors determining sugar specificity (Wang & Ng 2005) . Porcine stomach mucin, containing Olinked glycans, was found to inhibit all the four Aspergillus lectins. A. acristatus lectin was also specific for both mucins tested, i.e. bovine submaxillary mucin and porcine stomach mucin. The minimum concentration required for complete inhibition was 0.0039 mg/mL for bovine submaxillary mucin and 0.0078 mg/mL for porcine stomach mucin. Mucin specific lectins have been reported from Arthrobotrys oligospora (Rosen et al. 1992) , Aspergillus sp. (Singh et al. 2010b ) and Penicillium sp. (Singh et al. 2009a) . Fetuin containing both O-glycosidically and N-glycosidically linked sugar chains, was found to be a strong inhibitor of the lectin from A. acristatus. Since asialofetuin was found to be non-inhibitory, N-acetyl neuraminic acid may play an important role in the interaction of this lectin with fetuin. Of the two free sialic acids tested, N-acetyl neuraminic acid showed stronger inhibition as compared to N-glycolylneuraminic acid. Sialoglycoproteins showed greater affinity for this lectin as compared to free sialic acid, suggesting its higher affinity for linked sialic acids. N-glycolylneuraminic was more specific for A. gorakhpurensis and A. panamensis lectins. This observation can be supported by the findings that lectin activity from these lectins is inhibited by porcine stomach mucin in which more than 90% sialic acids are NeuGc . A. carbonarius lectin showed high specificity for N-acetylneuraminic acid and sialoglycoproteins fetuin and bovine submaxillary mucin. Nacetyl neuraminic acid and sialic acid rich glycoproteins like bovine submaxillary mucin, thyroglobulin, fibrinogen and fetuin have been reported to inhibit the A. fumigatus lectin (Tronchin et al. 2002) . Both the mucins and asialofetuin have been reported to be strong inhibitors of A. niger and A. nidulans lectin (Singh et al. 2009b (Singh et al. ,2010c . N-acetyl-D-galactosamine specificity was exhibited by lectins from A. gorakhpurensis and A. carbonarius. GalNAc specific lectins have been reported from Ciborinia camelliae (Otta et al. 2002) and Grifola frondosa fruiting bodies (Kawagishi et al. 1990 ). This supports the increase in lectin titre upon neuraminidase treatment. Galactose containing residues might serve as receptors for this lectin. Out of the various polysaccharides tested, pullulan, dextran and starch inhibited the activity of A. gorakhpurensis lectin. Chondroitin-6-sulphate composed of GlcA(β1→3) GalNAc6SO − 3 linkages showed strong affinity for A. gorakhpurensis lectin. Only a few fungal lectins including Xylaria hypoxylon (Liu et al. 2006) and Fusarium solani (Khan et al. 2007) have been reported to be inhibited by biopolymers.
Growth vs. lectin activity
All the Aspergillus sp. expressed lectin activity after the 5 th day of cultivation. A. gorankhpurensis exhibited a constant lectin titre during 5-8 days of cultivation, after which it declined sharply. Lectins from A. acristatus, A. carbonarius and A. panamensis showed maximum activity between 5-7 days of cultivation (Fig. 2) . Even though biomass increases with culture age, corresponding increase in lectin activity was not observed beyond a particular level, suggesting that lectin activity is not a function of growth rate alone. The results are in agreement with earlier reports on Penicillium lectins (Singh et al. 2009a) . Lectin activity has been reported in six-day old cultures of A. niger and reaching its maximum on the 9 th day of cultivation (Singh et al. 2009b) . A. nidulans has also been reported to ex- press lectin activity after 6 days of growth (Singh et al. 2010c) . Developmental regulation of lectin activity has also been reported in Sclerotium rolfsii (Swamy et al. 2004) and Rhizoctonia solani (Kellens & Peumans 1991) . The agglutination activity from Sclerotium rolfsii has been found dependent on the age of the culture and optimal activity has been reported after 5 days of cultivation and was lost after 7 days of growth (Barak et al. 1985) .
Partial purification of A. carbonarius lectin Amongst the five species of aspergilli found lectin positive, A. carbonarius is a primary producer of ochratoxin and possesses teratogenic, immunosuppressive and carcinogenic properties. Ochratoxin is a mycotoxin which affects crops, such as tree nuts, coffee and wine grapes, and also causes the human disease Balkan nephropathy (Cabanesa et al. 2002) . Keeping this in view, lectin from A. carbonarius was selected for partial purification and characterization.
A. carbonarious lectin was precipitated at 40% saturation of ammonium sulphate, with a recovery yield of 80% exhibiting 1.68-fold purification. The corresponding specific activity was 15.60 titre/mg. Dialysed samples yielded 52% activity. The dialysate was further concentrated by ultrafiltration and 2.75-fold purification was achieved. Partial purification of A. carbonarius lectin is summarized in Table 3 . Lectin from A. oryzae has been reported to be precipitated at 30-75% saturation of ammonium sulphate (Matsumara et al. 2007 ). Lectins from A. niger, A. rugulosus, A. nidulans and A. versicolor were found to be completely precipitated at 40-50 % saturation (Singh et al. 2008 ).
Characterization of partially purified lectin from A. carbonarius Influence of pH and temperature on lectin activity Lectin activity was found to be low at acidic pH, while maximum titre was obtained with PBS adjusted to pH 7.5-8.0, thereafter showing a decline in lectin activity. Lectin was found to be 100% stable within a pH range of 7.0-8.0 even after 24 h, while at pH 5 about 95% of the activity was lost within 2 h of incubation and no activity was observed after 4 h. At pH 8.5, 75% activity was lost after 2 h of incubation (Fig. 3) . This shows that the lectin was more un- stable at acidic pH as compared to the alkaline pH range.
Optimum temperature for lectin activity was observed to be 35-40
• C. Higher temperatures were more detrimental to lectin activity with no activity beyond 50
• C. Lectin was found to be 100% stable up to 40
• C, while at temperature above 50
• C, there was a 100% loss in lectin activity (Fig. 4) . A. nidulans lectin has been reported to be completely stable within pH 5.0-8.0 and temperature at or below 40
• C (Singh et al. 2011c) , whereas lectin from A. terricola was stable within a pH range of 7.0-10.5 and remained unaffected upon incubation at 70
• C for 2.5 h.
Effect of denaturants
Lectin activity was not affected in the presence of urea up to 4 h. However, a prolonged incubation with urea was accompanied by a loss of 50% activity at all the concentrations of denaturant, as compared to control incubated with PBS (0.1 M, pH 7.2). Lectin resisted 24 h incubation with 1 M thiourea, while higher concentrations lowered the activity by 50% after 24 h. GuanidineHCl had no effect on activity of A. carbonarius lectin and 100% activity was recovered after prolonged incubation with different concentrations of guanidine-HCl.
Conclusions
It is evident from the present study that genus Aspergillus represents a rich source of mycelial lectins. High incidence of mucin specific lectins from Aspergillus sp. suggests that porcine stomach mucin can be exploited for single-step affinity purification of these lectins. A. panamensis and A. acristatus exhibited infrequent specificities to mannose and arabinose, respectively. Identification and characterization of glycoconjugates from various sources can be based on the carbohydrate specificity studies of these lectins. Lectin from A. carbonarius was 2.75-fold purified and it was found to be stable within a pH range of 7.0-8.0 and at temperature below 40
• C. New lectins from Aspergillus sp. would be added in the database of fungal lectins and can also be exploited for mitogenic potential and their applications in biomedical research.
